. Archives of Disease in Childhood, 51, 660. Osmolar relation between cerebrospinal fluid and serum in hyperosmolar hypernatraemic dehydration. The relation between cerebrospinal fluid (CSF) and serum osmolality was studied in 16 patients with hyperosmolar hypernatraemic dehydration before treatment. After correcting shock and acidosis, 0 -45% saline in 2-5 or 5 % dextrose was infused in each patient over a 48-to 72-hour period. During rehydration, serum osmolality, electrolyte concentrations, urea nitrogen, and blood pH were measured sequentially.
The mortality rate among children with hyperosmolar hypernatraemic dehydration (HHD) varies from 8 to 20%. Mental retardation, epilepsy, and cerebral palsy are the sequelae in 9-11 % of survivors (Macaulay and Watson, 1967; Morris-Jones, Houston, and Evans, 1967) ). The main causes of death are cerebral vessel thrombosis, haemorrhagic encephalopathy (Elton, Elton, and Nazareno, 1963) , and cerebral oedema (Morris-Jones et al., 1967) . The treatment of this condition is controversial. Rapid administration of dilute solutions may cause osmotic dysequilibrium between blood and brain tissue resulting in cerebral oedema. In this situation it has been shown experimentaly (Arieff et al., 1972) that the osmolality of cerebrospinal fluid (CSF) reflects that of brain tissue. A significant osmolar gap between CSF and blood has been shown in diabetic patients with hyperosmolar ketoacidosis (Ohman et al., 1971 ). We measured Received 11 December 1975. CSF and serum osmolality before rehydration in children with HHD and related our findings to the occurrence of immediate and long-term neurological complications. Using a standard regimen for rehydration we have assessed prospectively the predictive value of our initial osmolar findings and those based on serial determinations of serum osmolality, electrolytes, urea nitrogen, and acid-base variables during the course of rehydration.
Patients Twenty-eight children were admitted to the Royal Hospital for Sick Children, Edinburgh, between March 1972 and March 1974 with HHD, defined as serum Na> 150 mmollI or a serum osmolality >310 mmol/kg water on admission. 16 were selected for study, the sole additional criterion being the need to obtain lumbar CSF to exclude meningitis. The previous health and neurological development of these children was normal, except for one child with multiple congenital abnormalities and mild mental retardation. 660 A further 12 children aged 6 months to 11 years, investigated for suspected meningitis, provided 'control' samples of CSF and serum taken simultaneously. Cell counts, glucose, and protein concentrations were within normal limits and bacterial and viral cultures were negative in the CSF samples obtained from these patients.
Methods
The clinical condition of each patient was assessed on admission to hospital (Table I) Table I ) using the Stanford Binet Form L-M, the Goodenough Draw-a-man test, and the Vinceland Scale of Social Maturity.
Initial blood specimens were obtained before treatment for measurement of osmolality and the concentrations of sodium, potassium, calcium, chloride, urea nitrogen, and glucose. pH, Pco2 and base excess were determined in arterial or arterialized capillary blood. Serum osmolality, electrolytes, and urea nitrogen were measured serially thereafter 8-to 12-hourly until rehydration was completed. Capillary blood glucose concentration was monitored 4-to 6-hourly using Dextrostix (Ames).
In 10 patients CSF and initial venous blood samples were obtained simultaneously. Lumbar puncture was delayed unavoidably up to one hour in the remaining 6 (Cases 1, 5, 8, 12, 14, 15) because of the more urgent need for resuscitation. Osmolality, Na and K concentrations were measured in these samples (Table II) , in addition to the routine biochemical and bacteriological investigations.
The protocol for rehydration, similar to that recommended by Finberg (1973) and Winter (1968) hours, initially as 0-45% saline in 2-5% or 5% glucose water. The volume given was the sum of (i) the estimated fluid deficit, (ii) no more than 80% (Winter, 1968) of normal fluid requirements (Holliday and Segar, 1957) (Table I) showed that neurological sequelae could not have been predicted on that basis. Osmolar relations. Of 12 control patients, mean CSF osmolality was 285 ± 11 (range mmol/kg water, and mean serum osmolality 283 ±11 (271-300) mmol/kg water. The mean difference between paired specimens of CSF and serum was 1-8 (SD 0 6) mmol/kg water. Under conditions of clinically normal hydration and serum Na within the normal range a difference of 4 mmol/kg water or more is significant. Fig. 1 . shows a direct relation between serum and CSF osmolality in the 16 patients with HHD. The difference between CSF and serum osmolality exceeded 4 mmol/kg water in 13 patients. The difference varied from 46 mmol/kg greater in CSF than serum (Case 1) to 41 mmol/kg greater in serum than CSF (Case 16). Severe neurological abnormalities were present when CSF osmolality exceeded that of serum by 7 or more mmol/kg. Fig. 1 Serum biochemistry. Serum osmolality, Na, urea nitrogen, and pH measured on admission were not significantly different in either group. The trends in these variables during rehydration were comparable in both neurologically normal and abnormal patients (Figs. 2-5 hypokalaemia were noted during rehydration in 4 patients (Cases 3, 4, 9, 14) but were not related by time of occurrence to neurological disturbance. Blood glucose concentration remained above 45 mg/100 ml (2.5 mmol/l) in all but one patient (Case 13) who developed transient hypoglycaemia.
Discussion Using a conventional regimen of rehydration (Finberg, 1973) group.bmj.com on August 28, 2017 -Published by http://adc.bmj.com/ Downloaded from major neurological complications, and in 3 there was evidence of chronic brain damage at follow-up 1 to 2 years later. By contrast, minor neurological dysfunction during rehydration was a transient phenomenon and all patients showing such signs had achieved normal developmental and neurological maturation at follow-up. The plan of treatment and subsequent follow-up assessment in the present series is broadly comparable with group A patients in the series of Bruck, Abal, and Aceto (1968) , and the incidence of long-term neurological abnormality is similar-19 9% and 15% respectively. In the latter series, however, patients developing chronic handicap did not show severe neurological manifestations either before or during the course of initial treatment.
Our results indicate that in HHD there is nearly always a significant osmolar gap between CSF and serum, and that the greatest potential hazard exists when the osmolality of CSF is significantly higher than that of serum. A significant difference in the opposite direction does not appear to have the same prognostic implication. The unavoidable delay in obtaining CSF, in 6 cases, did not appear to influence the direction of this osmolar gap. Discriminate analysis of our initial osmolar data indicates that severe neurological complications might have been predicted. It is likely that this formula, based necessarily on static observations, will prove to be a useful guide rather than a precise predictor of neurological complications.
Determination of lumbar CSF/serum Na relation failed to identify neurologically abnormal cases. This could have been predicted from the outset, as half-time for equilibration of Na between ventricular and lumbar CSF is over 7 hours (Sweet et al., 1954 ) compared with 5-50 minutes for water (Bering, 1952 (Arieff et al., 1973; Finberg, Lutrell, and Redd, 1959; Stephenson, 1971) . It is tempting to speculate that severe osmolal dysequilibrium per se, perhaps exaggerated by therapy, was the mechanism of brain damage in our patients (Cases 1-5). On the other hand, the converse may be true and neurological or cerebrovascular damage might have caused the observed osmolal gradient. Intracranial haemorrhage favours a flux of water into the brain, reflected by the significant rise of CSF Na above that of plasma (Cooper, Lechner, and Bellet, 1955) , as does acute cerebral hypoxia resulting from local capillary stasis and thrombosis (Battaglia et al., 1958; Shaw, Alvord, and Berry, 1959; Adamsons and Myers, 1973 ). Blood was not present in the CSF in any of our patients, but 2 of the 3 with neurological residua were severely shocked. Whatever the mechanism(s) it seems important not to increase the osmolal gradient between CSF and blood in such cases during rehydration. It may be advantageous to reduce serum osmolality even more cautiously in the first few hours of rehydration by substituting 0 -9 % for 0 *45 % saline.
This would allow more time for osmotic equilibrium between serum and brain and avoid further widening of the osmolar gap or excessive migration of water into already damaged cells. The hazards of excessive and prolonged administration of normal saline in hypo-and isonatraemic dehydration are well known (Ahmed and Agusto-Odutola, 1970; Skinner and Moll, 1956 ), but we know of no reports of its use in HHD under controlled conditions other than in the initial emergency therapy. In the absence of a controlled clinical trial and follow-up assessment, firm recommendations on refinements of the therapeutic regimen employed are not possible. 
